presented in 1977 with dizzy spells and was noted to be pale and to have mild exophthalmos. Results of investigations showed a haemoglobin concentration of 9 1 g/dl (normal range 12-14 g!dl) with an iron deficient blood film. Serum total thyroxine concentration was raised at 262 nmolI (normal-range-60-150 nmolI). The anaemia responded to iron supplements, her symptoms resolved, but as she appeared clinically euthyroid she was referred to hospital for investigation of her thyroid. On exami-
Since 195912 there have been reports of patients with apparent thyroid disease treated inappropriately because of abnormal biochemical-results. Most of these cases were related to the presence of abnormal concentrations of thyroxine binding globulin. Recently, but more rarely, some cases of hyperthyroxinaemia in euthyroid individuals have been shown to be due to excessive binding of thyroxine to either a modified albumin3-5 or thyroxine binding prealbumin.67 Many clinicians and clinical biochemists are unfamiliar with this problem and we therefore describe a family study carried out on a patient who was incorrectly treated with radioiodine on the basis of her biochemical results.
Case report
A 50 year old woman (patient 113, Figure) presented in 1977 with dizzy spells and was noted to be pale and to have mild exophthalmos. Results of investigations showed a haemoglobin concentration of 9 1 g/dl (normal range 12-14 g!dl) with an iron deficient blood film. Serum total thyroxine concentration was raised at 262 nmolI (normal-range-60-150 nmolI). The anaemia responded to iron supplements, her symptoms resolved, but as she appeared clinically euthyroid she was referred to hospital for investigation of her thyroid. On exami- 
Results
The five affected relatives of the index case (113) had TBG concentrations between 31 and 58 mg/l, that is 1-9-3-6 times the upper limit of normal (Table) Nikolai and Seal'3 studied three generations of a large family with low TBG concentrations. In 10 males TBG was absent and in eight females intermediate values were found. The authors concluded 329 that there was an X-linked dominant transmission, that the females were hemizygous for the abnormality, and that the variability in TBG values in the females could be explained on the Lyon hypothesis. '4 This suggests that the variable expression of X-linked traits is the result of inactivation of one randomly chosen X-chromosome during development. The results of our family study concur with this mode of transmission, although interestingly, the index case had an exceptionally high TBG value for a woman. This inheritance pattern has now been confirmed many times and has been reviewed by Burr et al." Nikolai and Seal'3 showed absent TBG in the cord blood of a newborn boy whose mother had a low value. This suggests that TBG does not cross the placenta and that gestation can occur normally without TBG in the fetus even when some is present in the mother. A successful pregnancy may also occur in the absence of TBG in the mother.'5
Shane et al'6 described a four generation family in which 13 of 15 members with raised TBG concentrations had goitres and 16 of 17 members with normal TBG values had no goitre. In general though, an association with thyroid disease appears to be relatively uncommon. Associations with growth retardation' 18 and mental subnormality'9 have also been reported. The prevalence of familial increased TBG concentration is not known, although the prevalence of familial decreased TBG has been estimated at 0-06%20 or 0-006%.2 We have detected five families (14 subjects) with increased TBG values and two individuals with decreased TBG values among patients attending a clinic for thyroid diseases.
Ihe present family study was initiated after the misdiagnosis of hyperthyroidism in a euthyroid patient. The biochemical investigations suggested hyperthyroidism and led the clinician to treat the patient with radioactive iodine. In this study all members of the family were clinically euthyroid although the index case had positive thyroid and antinuclear antibodies. Interestingly, her mother had been thought to be hypothyroid on two occasions but a high serum thyroxine concentration was found and, fortunately for her, was not pursued.
Our results confirm that reliance on measurements of total thyroxine and total triiodothyronine concentrations for diagnosis is inadequate and that correction by means of free thyroxine index is misleading in cases of raised TBG values. Measurements of reverse triiodothyronine concentrations are also of no value.
The thyroxine to TBG ratio and the Amerlex free thyroxine and free triiodothyronine methods gave normal values for the sera with high TBG values (but the first two each failed for one euthyroid person with a normal TBG concentration). Thus reexamination of sera with total thyroxine and total triiodothyronine concentrations apparently indicating hyperthyroidism in euthyroid subjects is best made by measuring TBG, free thyroxine or free triiodothyronine concentrations. Of these, free tniodothyronine may be preferable for general use since it also records normal values for euthyroid sera containing variant albumins22 or prealbumins7 with enhanced affinities for thyroxine; the Amerlex free thyroxine method gives artefactually raised values due to an increased interaction of the analogue tracer with the variant albumin3; the thyroxine to TBG ratio is, of course, raised in these subjects since TBG values are normal. The latter result will also obtain in euthyroid subjects with a prealbumin variant.
As free triiodothyronine and free thyroxine measurements become more readily available, the majority of discrepancies between biochemical results and thyroid state will tend to disappear. Those laboratories still using total thyroxine measurements and calculating a free thyroxine index will have to take the thyroxine binding proteins into account in order to avoid misdiagnosis. The TSH value may sometimes provide a clue to the fact that an abnormal thyroxine result may be due to an abnormality of binding protein. It will help in cases of apparent hypothyroidism due to a low TBG and, with the development of more sensitive TSH assays, may do so in those with a high thyroxine due to high TBG concentrations.
We thank Dr P Kind for the TSH assay results.
